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THE NAME short-faced bear (SFB) encompasses seven species from two genera: Arctodus Leidy, 1854 (North American SFB) and Arctotherium Burmeister, 1879 (South American SFB) of the subfamily Tremarctinae Merriam & Stock, 1925 (Kurte´n 1967 , Soibelzon 2004 . These bears are recorded from the Blancan IV to Rancholabrean faunal stages (late Pliocene to early Holocene) in North America (Kurte´n 1967) , in the Blancan IV (late Pliocene) in Central America (cf. Arctotherium; Soibelzon et al. 2008) and from the Ensenadan to Lujanian (early Pleistocene to early Holocene) in South America (Soibelzon et al. 2005) . SFB are assumed to have arrived in South America during the event called the 'Great American Biotic Interchange' (GABI: Marshall et al. 1982) .
Here we report three associated SFB from Buenos Aires province, Argentina. These individuals are assigned to the Ensenadan (early to middle Pleistocene) species Arctotherium angustidens Gervais & Ameghino, 1880, the giant South American SFB. Of the five Arctotherium species this is the only one recorded in the Ensenadan and it is the largest; among ursids only some individuals of Arctodus simus (Cope, 1879) approach its size (see Gobetz & Martin 2001 and Soibelzon 2002) . Although the fossil record of SFB in South and North America is very rich, associated individuals are rare and this is the first reported occurrence of a potential female and her offspring. These individuals were found in a cave during quarry exploitation. We suggest that these bears could represent a family group of SFB that were utilizing the cave for denning, and possibly even hibernation.
Geological setting

Locality and age
The fossils occur at 'Estancia El Casal' (37850 0 30 00 S, 57836 0 37 00 W), near Mar del Plata city, Buenos Aires Province (Fig. 1A) . The remains were found at the lower level of a quarry and are assigned to the Ensenadan (Soibelzon et al. 2001 ) based on the record of Glyptodon munizi Ameghino, 1881, another exclusive Ensenadan species (Soibelzon et al. 2006) 
Geology
In the lower level of the quarry, two facies are recognizable, separated by a compact calcium carbonate (calcrete) horizon. The uppermost is dominated by brown silt, reworked silt intraclasts and laminated structures. The lower facies (where the den was excavated) consists of massive reddish grey (5YR5/2) silt. Due to the destructive extraction method (see below) we were unable to study the detailed distribution of the sediments that filled the cave, and that is why we are unable to determine whether these bears died due to a natural disaster (eg. cave roof collapse) or some other reason. Other caves discovered near the bear's site are partially filled by sediment (i.e. not to the roof, Fig. 1B ). The sediment inside these caves is laminated and loesslike. The sediment in which the SFB are embedded is also pinkish grey (5YR6/2) and loess-like. Overlying the lower level there is a uniform profile of massive and reddish grey (5YR5/2) silts with calcium carbonate layers.
Materials and methods
Fossil salvage
While exploiting a quarry to enlarge National Route 2, the operator of a excavator discovered the fossil remains and contacted the Museo Municipal de Mar del Plata Soibelzon arrived, a large portion of the specimens' postcranial skeletons had been transported (mixed with the rubble) to the route embankment and the entire level hosting the bears had been completely removed. We were able to salvage additional remains before exploitation resumed. Also, several workers had extracted some teeth from the largest specimen believing that they had monetary value. For these reasons a considerable amount of information was lost. Despite these setbacks, the discovery was a rare and fortuitous event because these bears were buried under more than ten metres of sediment.
Age determination of individuals A relative age determination method for SFB was proposed by Soibelzon (2002) . This author constructed five age categories (juvenile, young adult, adult, old adult and senile adult) based on the degree of enamel and dentine wear over definitive molars. Additionally, we follow Schubert & Kaufmann (2003) in order to infer the age and sexual maturity of SFB on the basis of the degree of fusion of epiphyses of some elements of the postcranial skeleton. Furthermore, for the first time we are able to evaluate the variation in the degree of fusion between skull bones of juveniles and adults of Arctotherium.
Sex determination Kurte´n (1967) and Torres (1988) used the canine labio-lingual width at the base of the crown in order to separate males from females in fossil bears. Soibelzon (2002) adapted this methodology to the abundant remains of A. angustidens using 15 size classes (of 5 mm increment) that spanned the complete range of canine sizes. This resulted in two well-separated groups: the individuals in the range 23.6 to 26 mm (mode in class 24.6 -25) were interpreted as females and those in the range 27.1 to 29.5 mm (mode in class 27.6 -28) as males. Geographic and stratigraphic distribution.
Early to middle Pleistocene (Ensenadan) of the Pampean region of Argentina, Pleistocene of Bolivia (Soibelzon et al. 2005) .
Diagnosis [following Soibelzon (2004) ]. The dorsal border of the foramen magnum is complete (without indentation); there are two ante-orbital foramina; the neurocranium is large and laterally compressed; the sagittal crest is well developed; the zygomatic arches are laterally expanded; the tympanic bulla is flat; the postpalatine margin is V-shaped and does not overpass the distal end of M2. The distal lobes of both I1 and I2 are small; the mesial lobe of I3 is well developed. On P4, the distolingual cingulum is absent, and the protocone is well developed; the paracone is taller than the metacone. On M1, the crown is wider than long; the parastyle is poorly developed; the lingual border cusps are medium-sized; the hypocone has only one cusp; the protocone is the largest of the lingual cusps. On M2, the parastyle is small in relation to the paracone size, and the talon area is well developed and differentiated.
Description. MMMP 3982: Nearly complete skull broken in two halves and a fragment of mandible. The first skull portion is broken ahead of the glenoid fossa ventrally and on the right side lacks the zygomatic process of the temporal and the entire skull roof but retains a lateral portion of the right parietal. The other skull portion is almost complete but is broken ventrally (conserving a portion of the palate) and at both sides under the frontals, both zygomatic arches were lost. This skull piece preserves all teeth except the left P4 and M1-2 ( Fig.  2A) . Finally, a distal portion of the left mandible (incomplete in front of m3) preserving the ascending ramous, the condyle and the angular process. MMMP 3981: This is the most fragmentary individual of the three. Only a nearly complete mandible, some portions of the skull and several postcranial elements were recovered. The mandible is the best-preserved element of this specimen. It is incomplete on the right side behind the premasseteric fossa and on the left side all the ascending ramus is absent but the angular process is present. On the left side, the left p2, m1 talonid and m2 were preserved. On the right side, the c1, p1, p4 and m1 are implanted (Fig. 2E ). Both m3 were found isolated. The recovered skull pieces include: the left and right zygomatic process of the temporal, the right one preserves the glenoid fossa; the left temporal region with the mastoid process, the tympanic bulla and the glenoid fossa (the mandibular condyle is attached); the isolated right occipital condyle; a fragment of the premaxilla with left I2-3 and right I2; the left maxilla with C (partially broken), P1-4 and M2 (Fig. 2F) ; and a small fragment of the right maxilla with M1-2. A small triangular portion of the left parietal with a segment of lambdoid and sagittal crests is retained. A ventral portion of the axis with the odontoid and both anterior articular processes is preserved. Several isolated portions of pelvis are present: a fragment of the right ischion with a portion of the right acetabulum and a fragment of the iliac fossa together with a large portion of the left ilium with the iliac fossa, the iliac crest and the sacro-iliac joint and a cranial portion of the sacrum. MMMP 3980: There are two portions of skull and mandible belonging to this individual and several postcranial elements. The first skull portion is an anterior piece broken at the posterior end of the nasal bones and the anterior border of the orbits. This skull portion conserves the right P2-3, a lingual fragment of the P4 crown and M1-2, and left I3, C, P1-2 and M2 (Fig. 2B) . The other fragment is the posterior half of the skull broken ventrally in front of the glenoid fossa level and dorsally conserves a fraction of the skull roof with a segment of sagittal crest and a portion of the right parietal. It also retains a distal portion of the left mandible (broken at the m2 talonid) attached by its condyle to the left glenoid fossa (Fig. 2D) . On the mandible portion are two teeth: the m3 and the talonid of m2 (Fig. 2D) . The other mandible portion includes the following teeth: right i1-2 and left i1-3, p4 and talonid of m1 (Fig. 2C) . Apart from the cranial elements, there are some postcranial remains assigned to this specimen: a head and neck of the left femora, a patella, six lumbar vertebrae, and a portion of pelvis where the sacrum, the left ilium, acetabulum and ischium were preserved.
MMMP 3983: Under this number were catalogued those postcranial elements corresponding to juveniles that could not be assigned with certainty to any individual. Among the remains there is a fragmentary left femora lacking its head and distal epiphyses; a complete left tibia without its distal epiphyses; a proximal portion of the left radius and ulna; and a left calcaneum. The vertebral elements recovered consist of one partial atlas lacking the right pleuroapophyses and spinous process, three cervical and 12 articulated thoracic vertebrae (Fig.  2G) .
Comments. Since all roots of the absent teeth are in situ and show fresh fractured surfaces we assume that the teeth were present before the discovery but were removed alternatively because of the unusual extraction method or due to the actions of the quarry workers (see Materials and methods). The fragmentation of the cranial and postcranial material probably occurred from the same process, since all fractures are also fresh.
As indicated above, A. angustidens is the best known species of Arctotherium because it is relatively abundant in the fossil record. The new juvenile specimens, described here, provide information on the morphological changes of skull that occur during the transition from juvenile to adult. In this respect, it is evident that the skull is more vaulted in juveniles but wide and flat in adults. The nostril opening, the mastoid process, and the sagittal and lambdoid crests are all much larger and the palate wider in relation to the skull size in adults. The front is oblique and the nasals form a concave platform in juveniles; in adults the front is vertical and the nasals are very convex. The zygomatic arches are heavier and well separated from the skull in adults. In addition, the muscular insertion marks on the occipital region are stronger in adults.
The Minimum Number of Individuals (MNI) is three based on the number of premaxilla and molars. However, we could not discard the possibility that there were more than three individuals because of the incomplete recovery of postcranial elements and the very fragmentary nature of the recovered remains.
LEOPOLDO H. SOIBELZON et al. ALCHERINGA
Palaeobiology
Were they a family group? Using the relative age determination method of Soibelzon (2002;  see Materials and methods) we established that the group was composed of an old adult individual (MMMP 3980), because the main cusps on its molars were removed by attrition resulting in flat crown surfaces, and two juveniles (MMMP 3981 and 3982) based on the absence of wear signals on their molars. Two of the three specimens were not osteologically mature when they died because all preserved epiphyses (MMMP 3983) were not fused. Schubert & Kaufmann (2003) described an SFB (Arctodus simus) and suggested that it died younger than 4 -6 years old because it had several unfused epiphyses (except for those of the ulna and radius). They also proposed that this specimen was sexually mature based on a comparison with the Spectacled bear, at which age sexual maturity is attained. MMMP 3981 and 3982 were much younger than the SFB described by Schubert & Kaufmann (2003) , since their radius and ulna epiphyses remain unfused. Hence, we contend that they were sexually immature. Another criterion for age determination in mammals is the degree of fusion between skull bones. Again, MMMP 3981 and 3982 show characteristics of juveniles because some sutures that are fused in adults and senile bears are not fused on these two individuals (e.g. the inter-nasal, premaxillarmaxillar, sagittal, squamosal, coronal and basioccipital-temporal sutures). Finally, MMMP 3980 is undoubtedly an old adult, since its skull bone sutures are barely visible, and all the epiphyses preserved are fused.
Based on canine width, the adult bear (MMMP 3980) falls into the female range (26 mm), and the two younger individuals fall into the male range (MMMP 3981, 28 mm and MMMP3982, 27.8 mm). The sex was determined following the methodology described in the Material and Methods (see also Soibelzon 2002) . Based on these comparisons, we propose that these bears were a family group consisting of an adult female and two young males.
Were they in a cave? Unfortunately, we arrived after the level containing the SFB was excavated. However, the operator of the mechanical excavator asserted that the giant SFB were extracted from a cave (pers. com. to LHS and AD). Supporting evidence includes:
(1) Articulated remains, such as the articular processes of the mandible attached to glenoid fossa of the cranium in skulls MMP 3980 and 3982 (Fig. 2D ).
There are also some articulated portions of a vertebral column (Fig. 2G) . Hill (1979) and Hill & Behrensmeyer (1984) argued that skull-mandible articulation is lost early in the disarcticulation process. The retention of these articulations indicates either rapid burial of the carcasses or preservation in a protected environment (such as a cave). (2) MNI is three individuals. (3) Many caves were observed in the Ensenadan level in adjacent sectors at the same quarry (Fig. 1B) . (4) Cave utilization by members of the Ursidae is well known. There are other records of South American SFB preserved in late Pleistocene caves, but no complete specimens and no examples of A. angustidens. In southern Chile, a femora (Martin et al. 2004 ) and one incisor (Prevosti et al. 2003) Pampean caves are different from those of Brazil and Venezuela because they are palaeoburrows excavated in Pleistocene sediments (Vizcaı´no et al. 2001) . The occurrence of caves attributed to palaeoburrows built by extinct animals in the southeast of the Pampean region is well known (see Za´rate et al. 1998 , Vizcaı´no et al. 2001 , Dondas et al. 2006 ; the large ones were postulated to have been excavated by mylodontid sloths like Scelidotherium Owen, 1840 and Glossotherium Owen, 1840 (Frenguelli 1928 , 1955 , Za´rate et al. 1998 , Vizcaı´no et al. 2001 ) and large armadillos: Pampatherium Ameghino, 1891, Eutatus Gervais, 1867 and Propraopus Ameghino, 1891 (Imbellone & Teruggi 1988 , Imbellone et al. 1990 , Quintana 1992 . A possible burrow excavator (Scelidotherium, MMMP 3984, 3986 to 3988, 3990 and 3992) was recorded at the same quarry and level hosting the SFB.
Why were these SFB in a cave? There are several possible explanations for the co-occurrence of the SFB in a cave:
(1) These bears were under hibernation, torpor or dormancy when they died. (2) They periodically frequented the cave, perhaps seeking prey or carrion. (3) They were using the cave as a den.
Hibernation, torpor or dormancy (usage varies depending on the interpretation by different authors) is a common behaviour in bears, e.g. in Brown, Polar, American Black bears and the extinct Cave bear (Nelson et al. 1980 , Stiner 1998 , Nowak 1999 living in seasonal environments, but there is no evidence of hibernation for the Spectacled bear (the only living Tremarctinae) and for the Great Panda. The climate of the Pampean region was strongly seasonal in the Pleistocene (and today) because of its medium-to high-latitude location, hence favouring hibernation. Moreover, several glacial advances, including the Great Patagonian Glaciation (1.168 -1.016 Ma), have been recognized in Patagonia during the Ensenadan (Rabassa et al. 2005) suggesting that seasonal dormancy would have favoured survival under the harsh climate. On the other hand, optimizing hibernation as a character on an Ursidae tree (such as that of Krause et al. 2008) resulted in the absence of hibernation at the Tremarctinae node because of the non-hibernation behaviour of the Spectacled bear. Nevertheless, this bear lives mainly in temperate to tropical environments where hibernation is not expected.
It is not likely that these three bears were together inside the cave looking for prey or carrion when they died because the probability of preservation during such incursions would appear to be low. Furthermore, there were no remains of potential prey mixed with those of bears as might be expected due to the excellent preservation of the bear specimens.
The most parsimonious hypothesis is that SFB undertook the generalized denning behaviour of most Ursinae (e.g. Cave bear and Brown bear in Europe and American Black bear, Polar bear and Brown bear in North America). However, we cannot completely exclude the other two hypotheses. Significantly, Schubert & Kaufmann (2003) postulated a denning behaviour in the North American SFB.
Unfortunately, due to the circumstances of the fossils recovery we can never be certain of the circumstances surrounding the animals' deaths. However, two hypotheses appear more probable among other scenarios: an episodic burial event (e.g. cave roof collapse) or death via starvation during hibernation or denning. There is no Ameghino, 1908) and phororhacoid birds were present. After the Plio-Pleistocene boundary (subsequent to GABI), the top predator guild in the South America Ensenadan ecosystems was composed of seven species: Theriodictis platensis Mercerat, 1891, Protocyon scagliorum Kraglievich, 1952 , P. troglodytes (Lund, 1838 and Canis (?) gezi Kraglievich, 1928 in the Canidae (Prevosti 2006) , Smilodon populator, Panthera onca (Linnaeus, 1758) and Puma Jardine, 1834 in the Felidae (Soibelzon & Prevosti 2007 ) and A. angustidens, the giant SFB (the largest and most powerful mammalian predator of South American terrestrial ecosystems that ever existed).
The Ensenadan ecosystems were characterized by the high abundance of herbivorous megamammals [e.g. Glyptodon munizi, Macraucheniopsis ensenadensis (Ameghino, 1888) , Megatherium gallardoi C. Ameghino & Kraglievich, 1921 and Panochthus intermedius Lydekker, 1894 (Soibelzon 2008) ]. This pattern involved indigenous herbivores, whose tendency to gianticism reached its maximal expression at that time (see Alberdi et al. 1993) , and only one megacarnivoran: the giant SFB.
It is interesting to explore the biological consequences and behavioural reactions that could have been triggered by the introduction of a megacarnivoran such as the giant SFB among the endemic pampean megafauna, not only as a recently arrived predator but also as a powerful competitor for dens. It has been reported that herbivores are able to quickly learn to adjust their behaviour in order to decrease predation risk after a recolonization of large carnivores in recent ecosystems. Predation risk may cause changes in behaviour of prey, i.e. changes in diet, temporal changes in feeding patterns, spatial changes in habitat use or changes in patch selection (Lima & Dill 1990) .
It is noteworthy that before Ensenadan times (i.e. Marplatan) there are scarce records of large burrows in the Pampean region although putative burrow excavators (see above) were present. We suggest that this behaviour would have been acquired or generalized after the arrival of large carnivores. In this respect, Vizcaı´no et al. (2001) suggested that giant sloths depended on burrows to escape predation but also that these animals used burrows to avoid, alternatively, excessively cold or warm climatic conditions in order to conserve energy and water, and to breed and even survive during the colder seasons because of the particular physiology of xenarthrans (see McNab 1985 and Vizcaı´no & Loughry 2008) . Therefore, the arrival of large carnivores appears to have affected the indigenous megafauna not only by the addition of the top predator node in the ecological net, but also by direct competition for dens.
Even if much more fieldwork is needed to understand the causes of the faunal turnover observed at the EnsenadanBonaerian boundary (middle Pleistocene), Cione & Tonni (1999) suggested that after ALCHERINGA PLEISTOCENE SHORT-FACED BEARS 219 that time, the mammal communities changed drastically and were associated with body-size reduction of megamammals, including the SFB.
